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Abstract: Teichichnus burrows occur in the Sandbian, Katian and Telychian of Estonia associated with 
carbonate rocks. It is possible that Teichichnus is more common in the Sandbian than in the Lower to 
Middle Ordovician and in the Silurian. Two ichnospecies, T. rectus and T. patens, have been identified 
from the Lower Paleozoic of Estonia. This is the first record of T. patens in the Ordovician of Baltica. 
Teichichnus in the Sandbian, Katian and Telychian of Estonia is restricted to the shallowest tier levels. 
The rarity of Teichichnus in the carbonate sequences of the Ordovician and Silurian of Estonia reflects 
little bathymetric variability and an extremely low sedimentation rate in the shallow epicontinental 
basin. 
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Résumé : Première description de rares terriers de Teichichnus à partir de roches carbona-
tées du Paléozoïque inférieur de l'Estonie.- Les terriers de Teichichnus sont présents dans le 
Sandbien, le Katien et le Telychien d'Estonie, associés à des roches carbonatées. Il est possible que 
Teichichnus soit plus commun dans le Sandbien que dans l'Ordovicien inférieur et moyen ainsi que 
dans le Silurien. Deux ichno-espèces, T. rectus et T. patens, ont été identifiées dans le Paléozoïque 
inférieur d'Estonie. Il s'agit du premier enregistrement de T. patens dans l'Ordovicien de Baltica. Teich-
ichnus dans le Sandbien, le Katien et le Telychien d'Estonie est limité aux niveaux les moins profonds. 
Sa rareté dans les séquences carbonatées de l'Ordovicien et du Silurien en Estonie reflète une faible 
variabilité bathymétrique combinée à une vitesse de sédimentation extrêmement faible dans le bassin 
épicontinental peu profond. 
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1. Introduction 
Trace fossils are common and diverse 
throughout the Phanerozoic. They are valuable 
environmental indicators and help us understand 
the behaviour of extinct organisms (SEILACHER, 
2007). The trace fossils of the Ordovician and Si-
lurian have been relatively well studied (SEILA-
CHER, 2007). The Ordovician and Silurian of Esto-
nia (Baltica) has an excellent record of sedimen-
tary rocks and associated fossils, including trace 
fossils (RAUKAS & TEEDUMÄE, 1997). MÄNNIL et al. 
(1984) report that trace fossils are abundant and 
distributed all over the palaeobasin, but their di-
versity is lower than in the Cambrian and Devo-
nian of the region. Recent studies show that Or-
dovician and Silurian trace fossil association are 
more diverse than previously expected (TOOM et 
al., 2017). However, trace fossils of the carbona-
te rocks from the Ordovician and Silurian of Esto-
nia (MÄNNIL, 1966) have historically received less 
attention than various groups of shelly fossils. In 
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contrast, Lower Paleozoic trace fossils have 
systematically been described from Scandinavia 
and northwestern Russia (STANISTREET, 1989; 
DRONOV et al., 2002; ERSHOVA et al., 2006; KNAUST 
& DRONOV, 2013; HANKEN et al., 2016). Recently, 
several traces have been described from the Or-
dovician and Silurian limestones of western and 
northern Estonia (VINN & WILSON, 2013; VINN & 
TOOM, 2015, 2015; VINN et al., 2014, 2015c). Bio-
erosional trace fossils (ORVIKU, 1960, 1961; DRO-
NOV et al., 2000; WYSE JACKSON & KEY, 2007; VINN 
et al., 2015b) and various bioclaustrations (VINN 
et al., 2015a) have the best record among trace 
fossils in the Ordovician and Silurian of Estonia. 
Soft bottom trace fossils of the Ordovician and Si-
lurian of Estonia deserve to be studied in more 
detail in order to use their full potential as paleo-
environmental indicators. The diversity of soft 
bottom trace fossils are also indirect indicators of 
biological diversity in the past seas. 
Teichichnus is a fodinichnial burrow that has a 
good record in Phanerozoic rocks (BUCKMAN, 
1996). Teichichnus burrows are spreite structures 
which are characterized by a spreite lamina that 
formed through the displacement of a limb 
(SCHLIRF & BROMLEY, 2007). The lamina is compo-
sed of successively placed floors of the rising bur-
row limb, which are designated lamellae (SCHLIRF 
& BROMLEY, 2007). Eighteen ichnospecies have 
been described due to high variation of burrow 
morphology (KNAUST, 2018). However, only four 
ichnospecies are currently regarded as valid: 
Teichichnus rectus, T. zigzag, T. patens and T. 
duplex (STANTON & DODD, 1984; FREY & BROMLEY, 
1985; SCHLIRF, 2000; SCHLIRF & BROMLEY, 2007; 
MÁNGANO & BUATOIS, 2011; KNAUST, 2018). Combi-
ned modes of feeding are involved in formation of 
Teichichnus, including deposit and suspension-
feeding, suggesting that Teichichnus is a dwelling 
trace rather than a feeding trace (KNAUST, 2018). 
Teichichnus is considered the best example of the 
architectural category "Horizontal burrows with 
simple vertically oriented spreiten" by BUATOIS et 
al. (2017). In addition to the classical interpreta-
tion of polychaetes as producers, many features 
fit with an interpretation of dwelling echiurans 
and holothurians (KNAUST, 2018, in press). Ar-
thropods, vermiform organisms and especially 
annelids have been suggested as possible trace-
makers of Teichichnus (VOSSLER & PEMBERTON, 
1989; DAM, 1990). In Baltica, Teichichnus occurs 
in the Cambrian of Sweden (MARTINSSON, 1965; 
JENSEN, 1997), Middle Ordovician of the St. Pe-
tersburg region of Russia (DRONOV & MIKULÁŠ, 
2010) and Upper Ordovician of the Oslo-Asker re-
gion in Norway (STANISTREET, 1989). 
This paper addresses the following question: 
how common and diverse are Teichichnus bur-
rows in the Ordovician and Silurian of Estonia? 
2. Material and methods 
A large collection of more than 2500 speci-
mens of trace fossils from the Department of 
Geology, Tallinn University of Technology, and 
the University of Tartu Natural History Museum 
geological collections were searched for Teich-
ichnus burrows. All Teichichnus specimens were 
photographed with scale bar using a Canon EOS 
5Dsr digital camera. 
There are hundreds of well-studied Ordovician 
outcrops in the northern Estonia covering all the 
international stages. Similarly, all Silurian stages 
are present, well exposed and studied in middle 
and western Estonia. Only relatively shallow wa-
ter rocks are cropping out in the Ordovician and 
Silurian exposures of Estonia. In carbonate rocks 
it is common that color contrast is absent, which 
impacts preservation of biogenic structures 
(CURRAN, 1994). Delicate traces or parts of them 
are rarely well preserved (KNAUST et al., 2013) in 
carbonates. Teichichnus usually occurs in lower 
shoreface to offshore deposits (PEMBERTON et al., 
2012) and is typical for low- to moderate-energy 
conditions (KNAUST, 2017). Given the above, it 
may be assumed that Teichichnus is an under-
sampled trace fossil in Estonia, especially in drill 
cores representing deeper environments. 
3. Geological background 
During the Ordovician, the palaeocontinent 
Baltica drifted from the temperate climatic zone 
into the subtropical realm (NESTOR & EINASTO, 
1997; TORSVIK et al., 2013). In the Middle Ordovi-
cian and lower Upper Ordovician (Sandbian), the 
area of modern Estonia (Fig. 1) was covered by a 
shallow, epicontinental sea. It was characterized 
by little bathymetric variability and an extremely 
low sedimentation rate (NESTOR & EINASTO, 1997). 
Along the entire extent of the ramp a series of 
grey argillaceous and calcareous sediments 
accumulated with a trend of decreasing clay and 
increasing bioclasts in the onshore direction 
(NESTOR & EINASTO, 1997). During the Katian, the 
climatic change resulted in an increase in car-
bonate production and sedimentation rate. The 
Katian was the time of appearance of the first 
carbonate buildups in the basin. 
During the Silurian, Baltica was located in 
equatorial latitudes and moving northwards 
(COCKS & TORSVIK, 2005; TORSVIK et al., 2013). A 
shallow epicontinental basin covered middle and 
western Estonia (Fig. 1) with a wide range of tro-
pical environments and diverse biotas (NESTOR & 
EINASTO, 1997). Five main facies belts have been 
described from the Baltic basin: tidal flat/lagoo-
nal, shoal, open shelf, basin slope and a basin 
depression (NESTOR & EINASTO, 1977). The first 
three facies belts formed are confined to a carbo-
nate platform (RAUKAS & TEEDUMÄE, 1997). 
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Figure 1: Locality map. Modified after VINN et al. (2017). 
4. Systematic ichnology 
Ichnogenus Teichichnus SEILACHER, 
1955 
Type ichnospecies. Teichichnus rectus SEILA-
CHER, 1955 - p. 378, Pl. 24, fig. 1; by monotypy. 
Teichichnus rectus SEILACHER, 1955 
(Fig. 2) 
Material: Ten burrows preserved in full relief, 
eight from Sandbian, one from Katian and one 
from Telychian. 
Localities: Narva open pit, Põhja-Kiviõli open 
pit and Ubja open pit (Sandbian, Kukruse Regio-
nal Stage); Aluvere quarry (Sandbian, Haljala Re-
gional Stage); Üksnurme (Katian, Oandu Regio-
nal Stage); Päri quarry (Telychian, Adavere Re-
gional Stage) (Fig. 1). 
Stratigraphic distribution: lower Sandbian (Ku-
kruse Regional Stage) to lower Telychian (Adave-
re Regional Stage). 
Observations: Horizontal, sometimes slightly 
inclined, straight to slightly winding, unbranched 
burrows. The trace fossil consists of convex-down 
lamellae, forming a wall-like spreite structure. All 
laminae are arranged retrusively. Terminal bur-
row tube preserved in some specimens; without 
strongly upward bending terminal tubes. In late-
ral view, parallel, more-or-less horizontal lamina 
form a spreite structure, topped by a tube in so-
me specimens. In transverse section, slight late-
ral displacements of the lamina can occur. Height 
of the trace is 1.5 to 6.0 cm. Length of the trace 
is 7.2 to 14.2 cm. Width of a single trace can be 
slightly variable. Maximal width of the trace is 
0.25 to 3.5 cm. Thickness of individual laminae 
varies from 0.8 to 12 mm. Silurian burrows are 
markedly smaller than Upper Ordovician ones. 
Note: KNAUST (2018) has provided a detailed 
synonymy of Teichichnus rectus. 
Teichichnus patens SCHLIRF, 2000 
(Fig. 3) 
1992 Teichichnus ichnosp. (ichnosp. nov.) MIKULÁŠ, p. 
328, Fig. 2; Pl. 7 fig. 2C. 
2000 Teichichnus patens SCHLIRF, p. 173, Pl. 6, fig. 5. 
Material: Single burrow preserved in full relief. 
Locality: Narva open pit (Sandbian, Kukruse 
Regional Stage) (Fig. 1). 
Observations: Horizontal, predominantly 
straight, branching burrows. Burrows consist of 
gutter-shaped retrusive laminae. Terminal burrow 
tube not preserved. Branching via bifurcation at 
acute angles, branching with up to three bran-
ches from a central burrow. Total height of bur-
row 1.0 cm, burrow width 0.4 to 0.9 cm, total 
length of burrow 12 cm. 
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Figure 2: A, Cross section of T. rectus from the Haljala Regional Stage (Sandbian), northern Estonia (GIT 720-796). 
B, Lateral view of T. rectus from the Kukruse Regional Stage (Sandbian), northeastern Estonia (GIT 398-203). C, 
Cross section of T. rectus from the Kukruse Regional Stage (Sandbian), northeastern Estonia (GIT 398-203). D, Hori-
zontal view of T. rectus from the Kukruse Regional Stage (Sandbian), northeastern Estonia (GIT 343-201). E, Cross 
section of T. rectus from the Adavere Regional Stage (Telychian), western Estonia (GIT 340-303). Arrows point to 
Teichichnus burrow. 
5. Discussion 
All Teichichnus burrows occur in the carbonate 
part of the section (Middle Ordovician to Silu-
rian). The rarity of Teichichnus is not surprising in 
the Ordovician and Silurian of Estonia. It is a 
common ichnofossil in the Phanerozoic sediments 
and it occurs mainly in low-energy depositional 
systems. Teichichnus is usually recorded in fully 
oxygenated substrates (LIMA & NETTO, 2012), but 
it also occurs in substrates with stressful condi-
tions and in this case specimens are generally 
smaller and with diminutive spreiten (BUATOIS et 
al., 2005). Ordovician Teichichnus material from 
Estonian collections shows diminutive spreiten 
but it is always associated with relatively diverse 
ichnofauna (Conichnus, Amphorichnus, Planolites, 
Thalassinoides, Taenidium, Phycodes) and abun-
dant shelly fauna. VOSSLER and PEMBERTON (1989) 
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Figure 3: Horizontal view of T. patens from the Kukruse Regional Stage (Sandbian), northeastern Estonia (GIT 360-
111). 
noted that Teichichnus behavior type is not bene-
ficial in areas of slow and steady sedimentation 
rate; Estonian material originated from such 
areas of shallow epeiric sea and is in agreement 
with this idea. Findings of Teichichnus burrows 
are related with deeper environments than shore-
face and also with periods of higher sedimenta-
tion rate in the Ordovician and Silurian. Teichich-
nus burrows have mostly been reported from sili-
ciclastic rocks (SEILACHER, 1955; BUCKMAN, 1996; 
SEILACHER, 2007; SCHLIRF & BROMLEY, 2007; 
KNAUST, 2018). Fewer findings are reported form 
carbonates, mostly from Mesozoic chalk (e.g., 
FREY, 1970; FREY & BROMLEY, 1985). There are im-
portant differences between the formations of 
trace fossils in carbonate versus siliciclastic sedi-
ments (CURRAN, 1994; KNAUST et al., 2012). In 
carbonate rocks it is common that colour contrast 
is absent, which impacts the preservation of trace 
fossils (CURRAN, 1994). This may explain the more 
frequent occurrence of Teichichnus in kukersite 
bearing beds in lower Sandbian of Estonia where 
clear color contrast occurs between the trace fil-
ling and rock matrix. 
The majority of studied Teichichnus specimens 
from Estonia have been collected from lower Up-
per Ordovician (Sandbian) rocks. It is likely that 
the more common Teichichnus in the lower Upper 
Ordovician is reflecting favorable sedimentation 
conditions rather than the increase in number of 
trace makers. 
In the Cambrian, Teichichnus along with other 
Cambrian feeding burrows, is only known from 
shallow tier levels (BUCKMAN, 1996). Already by 
the Upper Cambrian-Lower Ordovician Teichich-
nus occurred at depths of up to 150 mm within 
deep-sea flysch sediments (PICKERILL & WILLIAMS, 
1989). An Upper Cretaceous Teichichnus reached 
a depth of emplacement in excess of 1 meter 
(FREY & BROMLEY, 1985). Teichichnus in the Ordo-
vician of Estonia seems to be confined to the 
shallowest tier levels. Some Teichichnus traces 
may be quite a long and not very deep as was 
described by LEGG (1985) from the Middle Cam-
brian sediments. Similar shallow traces occur in 
Estonian kukersite. A very stunted vertical sprei-
ten may be related to the flimsy soft sediment 
layer. Alternatively, the carbonate muds contain 
a high content of organic matter in comparison to 
sands. Estonian kukersite originated from organic 
material (FOSTER et al., 1990) and offered an 
environment especially rich in deposited organics. 
In this kind of organic rich sediment the Teichich-
nus producer could move around less frequently 
for successful feeding than in organic poor sedi-
ments. Thus, amount of food in the sediment 
could influence the tier of Teichichnus traces. In 
the Silurian of Estonia Teichichnus occurs in the 
  
 
 
 
 
Carnets Geol. 18 (13)
 
310 
Osmundsbergen bentonite, where it is considera-
bly smaller and shows relatively deeper spreiten 
than the Ordovician traces. It was formed in con-
ditions where sediment accumulated rapidly; this 
kind of trace is interpreted as an equilibrium fee-
ding structure (CORNER & FJALSTAD, 1993). 
Different ichnospecies of Teichichnus have dif-
ferent palaeogeographic distributions. The only 
ichnospecies with global distribution in the Lower 
Paleozoic is T. rectus (KNAUST, 2018). Another 
Lower Paleozoic ichnospecies, T. patens, has mo-
re restricted distribution being hitherto known 
only from the Upper Ordovician of Bohemia (MI-
KULÁŠ, 1992). New findings from the Upper Ordo-
vician of Estonia demonstrate that this ichno-
species had a wider geographic distribution than 
previously known. 
 
Acknowledgements 
We are grateful to G. BARANOV, Department of 
Geology, Tallinn University of Technology, for 
photographing the specimens. Financial support 
to O. V. was provided by the Estonian Research 
Council project IUT20-34. This paper is a contri-
bution to IGCP 653 'The onset of the Great Ordo-
vician Biodiversity Event'. We are grateful to Mark 
A. WILSON, Harry MUTVEI and two anonymous re-
viewers for constructive comments on the manu-
script. 
 
Bibliographic references 
BUATOIS L. A., GINGRAS M. K., MACEACHERN J., MÁN-
GANO M.G., ZONNEVELD J.-P., PEMBERTON S.G., 
NETTO R.G. & MARTIN A. (2005).- Colonization 
of brackish-water systems through time: Evi-
dence from the trace-fossil record.- Palaios, 
Lawrence, vol. 20, p. 321-347. 
BUATOIS L.A., WISSHAK M., WILSON M.A. & MÁNGANO 
M.G. (2017).- Categories of architectural de-
signs in trace fossils: A measure of ichno-
disparity.- Earth-Science Reviews, vol. 164, p. 
102-181. 
BUCKMAN J.O. (1996).- An example of 'deep' tier 
level Teichichnus with vertical entrance shafts, 
from the Carboniferous of Ireland.- Ichnos, 
Philadelphia, vol. 4, p. 241-248. 
COCKS L.R.M. & TORSVIK T.H. (2005).- Baltica from 
the late Precambrian to mid Palaeozoic: The 
gain and loss of a terrane's identity.- Earth-
Science Reviews, vol. 72, p. 39-66. 
CORNER G.D. & FJALSTAD A. (1993).- Spreite trace 
fossils (Teichichnus) in a raised Holocene 
fjord-delta, Breidvikeidet, Norway.- Ichnos, 
Philadelphia, vol. 2, p. 155-164. 
CURRAN H.A. (1994).- The palaeobiology of ichno-
coenoses in Quaternary, Bahamian-style car-
bonate environments: The modern to fossil 
transitions. In: DONOVAN S.K. (ed.), Palaeobio-
logy of trace fossils.- John Wiley & Sons, Chi-
chester, p. 83-104. 
DAM G. (1990).- Taxonomy of trace fossils from 
the shallow marine Lower Jurassic Neill Klinter 
Formation, East Greenland.- Bulletin of the 
Geological Society of Denmark, Copenhagen, 
vol. 38, vol. 119-144. 
DRONOV A., MEIDLA T., AINSAAR L. & TINN O. 
(2000).- The Billingen and Volkhov stages in 
the northern East Baltic: Detailed stratigraphy 
and lithofacies zonation.- Proceedings of the 
Estonian Academy of Sciences (Geology), Tal-
linn, vol. 49, p. 3-16. 
DRONOV A. & MIKULÁŠ R. (2010).- Paleozoic ichno-
logy of St. Petersburg Region.- Excursion gui-
debook, IV workshop on ichnotaxonomy (June 
21-26, 2010. Moscow), St. Petersburg, p. 1-
70. 
DRONOV A.V., MIKULÁŠ R. & LOGVINOVA M. (2002).- 
Trace fossils and ichnofabrics across the Volk-
hov depositional sequence (Ordovician, Areni-
gian of St. Petersburg Region, Russia).- Jour-
nal of the Czech Geological Society, Prague, 
vol. 47, p. 133-146. 
ERSHOVA V.B., FEDOROV P.V. & MIKULÁŠ R. (2006).- 
Trace fossils on and above the transgressive 
surface: Substrate consistency and phospho-
genesis (Lower Ordovician, St. Petersburg re-
gion, Russia).- Geologica Carpathica, Bratisla-
va, vol. 57, p. 415-422. 
FREY W.F. (1970).- Trace fossils of Fort Hays Li-
mestone Member of Niobrara Chalk (Upper 
Cretaceous), west-central Kansas.- University 
of Kansas Paleontological Contributions, Law-
rence, vol. 53, p. 1-41. 
FREY R.W. & BROMLEY R.G. (1985).- Ichnology of 
American chalks: The Selma Group (Upper 
Cretaceous), western Alabama.- Canadian 
Journal of Earth Sciences, Ottawa, vol. 22, p. 
801-828. 
FOSTER C.B., WICANDER R. & REED J.D. (1990).- 
Gloeocapsomorpha prisca ZALESSKY, 1917: A 
new study. Part II: Origin of kukersite, a new 
interpretation.- Geobios, Villeurbanne, vol. 23, 
p. 133-140. 
HANKEN N.-M., UCHMAN A., NIELSEN J.K., OLAUSSEN 
S., EGGEBØ T. & STEINSLAND R. (2016).- Late 
Ordovician trace fossils from offshore to shal-
low water mixed siliciclastic and carbonate fa-
cies in the Ringerike area, Oslo region, Nor-
way.- Ichnos, Philadelphia, vol. 23, p. 189-
221. 
HOFMANN H.J. (1979).- Chazy (Middle Ordovician) 
trace fossils in the Ottawa - St. Lawrence Low-
lands.- Geological Survey of Canada Bulletin, 
Ottawa, vol. 321, p. 27-60. 
JENSEN S. (1997).- Trace fossils from the Lower 
Cambrian Mickwitzia sandstone, south-central 
Sweden.- Fossils and Strata, Oslo, vol. 42, p. 
1-110. 
  
 
 
 
 
Carnets Geol. 18 (13)
 
311 
KNAUST D. (2017).- Atlas of trace fossils in well 
core. Appearance, taxonomy and interpreta-
tion.- Springer, 209 p. 
KNAUST D. (2018).- The ichnogenus Teichichnus 
SEILACHER, 1955.- Earth-Science Reviews, vol. 
177, p. 386-403. 
KNAUST D. (in press).- Teichichnus zigzag FREY 
and BROMLEY, 1985: a probable echiuran or 
holothurian burrow from the Jurassic offshore 
Norway.- PalZ, Heidelberg, https://doi.org/ 
10.1007/ s12542-018-0413-9 
KNAUST D., CURRAN H.A. & DRONOV A.V. (2012).- 
Shallow-marine carbonates. In: KNAUST D. & 
BROMLEY R.G. (eds.), Trace fossils as indicators 
of sedimentary environments.- Developments 
in Sedimentology, vol. 64, p. 705-750. 
KNAUST D. & DRONOV A. (2013).- Balanoglossites 
ichnofabrics from the Middle Ordovician Volk-
hov Formation (St. Petersburg Region, Rus-
sia).- Stratigraphy and Geological Correlation, 
Moscow, vol. 21, p. 265-279. 
LIMA J.H.D. & NETTO R.G. (2012).- Trace fossils 
from the Permian Teresina Formation at Cerro 
Caveiras (S Brazil).- Revista Brasileira de Pa-
leontologia, Rio de Janeiro, vol. 15, p. 5-22. 
LEGG I.C. (1985).- Trace fossils from a Middle 
Cambrian deltaic sequence, North Spain. In: 
CURRAN H.A. (ed.), Biogenic structures: Their 
use in interpreting depositional environments.- 
SEPM Special Publications, Tulsa, vol. 35, p. 
151-165. 
MÁNGANO M.G. & BUATOIS L.A. (2011).- Timing of 
infaunalization in shallow-marine early Paleo-
zoic communities in Gondwanan settings: 
Discriminating evolutionary and paleogeogra-
phic controls.- Palaeontologia Electronica, Am-
herst, vol. 14, p. 1-21. URL: https://palaeo-
electronica.org/2011_2/187/index.html 
MÄNNIL R. (1966).- O vertikalnikh norkach zaryva-
nia v ordovikskikh izvestniakakh Pribaltiki [On 
vertical burrows in the Ordovician lime-stones 
of the Peribaltic].- Akademiya Nauk SSSR, Pa-
leontologicheskiy Institut, St. Petersburg, p. 
200-206 [in Russian]. 
MÄNNIL R.M., PÕLMA L.J. & EINASTO R.E. (1984).- 
Ordovician and Silurian invertebrate trace fos-
sils from the Baltics, taxonomy and distribu-
tion. In: Sledy zhizni i dinamika sredy v drev-
nikh biotopak.- Tezicy Dokladov XXX Sessii 
Vsesoyuznogo Paleontologicheskogo Obsh-
chestva (23-27 yanvarya 1984 g), p. 54-55 
[in Russian]. 
MARTINSSON A. (1965).- Aspects of a Middle Cam-
brian thanatotope on Öland.- GFF, Stockholm, 
vol. 87, p. 181-230. 
MIKULÁŠ R. (1992).- Trace fossils from the Zaho-
rany Formation (Upper Ordovician, Bohemia).- 
Acta Universitatis Carolinae, Geologica, 
Prague, vol. 3, p. 307-335. 
NESTOR H. & EINASTO R. (1977).- Model of facies 
and sedimentology for Paleobaltic epicontinen-
tal basin. In: KALJO D.L. (ed.), Facies and fau-
na of the Baltic Silurian.- Institute of Geology 
AN ESSR, Tallinn, p. 89-121 [in Russian, with 
English summary]. 
NESTOR H. & EINASTO R. (1997).- Ordovician and 
Silurian carbonate sedimentation basin. In: 
RAUKAS A. & TEEDUMÄE A. (eds.), Geology and 
mineral resources of Estonia.- Estonian Aca-
demy Publishers, Tallinn, p. 192-204. 
ORVIKU K. (1960).- O litostratigraphii volkhovsko-
go i kundaskogo gorizontov v Estonii [On the 
lithostratigraphy of the Volkhov and Kunda 
stages in Estonia].- Akademiya Nauk Eston-
skoi SSR, Geologicheskii Institut, Trudy, Tal-
linn, vol. 5, p. 45-87 [in Russian with German 
summary]. 
ORVIKU K. (1961).- Diskontinuiteedipinnad volhovi 
ja kunda lademes.- Geoloogiline kogumik, Tar-
tu, p. 16-25. [in Estonian]. 
PEMBERTON G., MACEACHERN J.A., DASHTGARD S.E., 
BANN K.L., GINGRAS M.K. & ZONNEVELD J.-P. 
(2012).- Shorefaces. In: KNAUST D. & BROMLEY 
R.G. (eds.), Trace fossils as indicators of sedi-
mentary environments.- Developments in Se-
dimentology, vol. 64, p. 563-603. 
PICKERILL R.K. & WILLIAMS P.F. (1989).- Deep bur-
rowing in the early Palaeozoic deep sea: 
examples from the Cambrian (?)-Early Ordo-
vician Meguma Group of Nova Scotia.- Cana-
dian Journal of Earth Sciences, Ottawa, vol. 
26, p. 1061-1068. 
RAUKAS A. & TEEDUMÄE A. (eds., 1997).- Geology 
and mineral resources of Estonia.- Estonian 
Academy Publishers, Tallinn, 436 p. 
SEILACHER A. (1955).- Spuren und Fazies im 
Unterkambrium. In: SCHINDEWOLF O.H. & SEILA-
CHER A. (eds.), Beiträge zur Kenntnis des Kam-
briums in der Salt Range (Pakistan).- Akade-
mie der Wissenschaften und der Literatur zu 
Mainz, Abhandlung Mathematisch-Naturwis-
senschaftliche Klasse, p. 373-399. 
SEILACHER A. (2007).- Trace fossil analysis.- 
Springer, Berlin, 226 p. 
SCHLIRF M. (2000).- Upper Jurassic trace fossils 
from the Boulonnais (northern France).- Geo-
logica et Palaeontologica, Marburg, vol. 34, p. 
145-213. 
SCHLIRF M. & BROMLEY R.G. (2007).- Teichichnus 
duplex n. isp., new trace fossil from the Cam-
brian and the Triassic.- Beringeria, Würzburg, 
vol. 37, p. 133-141. 
STANISTREET I.G. (1989).- Trace fossil associations 
related to facies of an upper Ordovician low 
wave energy shoreface and shelf, Oslo-Asker 
district, Norway.- Lethaia, Oslo, vol. 22, p. 
345-357. 
STANTON R.J. jr. & DODD J.R. (1984).- Teichichnus 
pescaderoensis - New ichnospecies in the Neo-
gene shelf and slope sediments, California.- 
Facies, Erlangen, vol. 11, p. 219-228. 
  
 
 
 
 
Carnets Geol. 18 (13)
 
312 
TOOM U., VINN O. & HINTS O. (2017).- A review of 
ichnofossils from Estonian palaeontological 
collections. In: ŻYLIŃSKA A. (ed.). 10th Baltic 
Stratigraphical Conference (Checiny 12-14 
September 2017).- Abstracts and Field Guide, 
Warszawa, p. 82-83. 
TORSVIK T.H. & COCKS L.R.M. (2013).- New global 
palaeogeographical reconstructions for the 
Early Palaeozoic and their generation. In: 
HARPER D.A.T. & SERVAIS T. (eds.), Early 
Palaeozoic biogeography and palaeogeo-gra-
phy.- Geological Society Memoirs, London, 
vol. 38, p. 5-24. 
VINN O. & TOOM U. (2015).- The trace fossil Zoo-
phycos from the Silurian of Estonia.- Estonian 
Journal of Earth Sciences, Tallinn, vol. 64, p. 
284-288. 
VINN O. & TOOM U. (2016).- Rare arthropod traces 
from the Ordovician and Silurian of Estonia 
(Baltica).- Neues Jahrbuch für Geologie und 
Paläontologie, Abhandlungen, Stuttgart, vol. 
280, p. 135-141. 
VINN O. & WILSON M.A. (2013).- An event bed 
with abundant Skolithos burrows from the late 
Pridoli (Silurian) of Saaremaa (Estonia).- Car-
nets Geol., Madrid, vol. 13, no. L03 (CG2013_ 
L03), p. 83-87. 
VINN O., WILSON M.A., AUSICH W.I. & TOOM U. 
(2015a).- Tremichnus in crinoid pluricolumnals 
from the Silurian of western Estonia (Baltica).- 
Carnets Geol., Madrid, vol. 15, no. 17, p. 239-
243. 
VINN O., WILSON M.A. & TOOM U. (2015b).- Bio-
erosion of inorganic hard substrates in the Or-
dovician of Estonia (Baltica).- PLoS ONE, San 
Francisco, 10(7): e0134279. 
VINN O., WILSON M.A. & TOOM U. (2015c).- Distri-
bution of Conichnus and Amphorichnus in the 
early Paleozoic of Estonia (Baltica).- Carnets 
Geol., Madrid, vol. 15, no. 19, p. 269-278. 
VINN O., WILSON M.A., ZATOŃ M. & TOOM U. 
(2014).- The trace fossil Arachnostega in the 
Ordovician of Estonia (Baltica).- Palaeontolo-
gia Electronica, Amherst, 17.3.41A, p. 1-9. 
VOSSLER S.M. & PEMBERTON S.G. (1989).- Ichnolo-
gy and palaeoecology of offshore siliciclastic 
deposits in the Cardium Formation (Turonian, 
Alberta, Canada).- Palæogeography, Palæocli-
matology, Palæoecology, vol. 74, p. 217-239. 
WYSE JACKSON P.N. & KEY M.M. Jr. (2007).- Borings 
in trepostome bryozoans from the Ordovician 
of Estonia: Two ichnogenera produced by a 
single maker, a case of host morphology con-
trol.- Lethaia, Oslo, vol. 40, p. 237-252. 
 
